The high serum estradiol (E 2 ) concentrations induced during in vitro fertilization are detrimental to endometrial receptivity and may result in lower embryo implantation rates. We have previously found that high E 2 concentrations inhibit the activation of nuclear factor kappa B (NF-jB), leading to endometrial epithelial cell (EEC) apoptosis. The objective of this study is to investigate the signaling pathways through which high E 2 results in NF-jB downregulation in EECs. Isolated human EECs were cultured in different concentrations of E 2 (10 À10 , 10 À9 , 10 À8 , 10 À7 M). The expression of heat shock protein 70 (Hsp70) and heat shock factor 1 (HSF-1) were upregulated under supraphysiological E 2 (10 À7 M) concentration, whereas phosphorylated inhibitory kappa B-alpha (pI jB-a) and NF-jB p65 subunits were downregulated. Immunohistochemistry of C57BL/ 6 mouse EECs that were exposed in vivo to high serum E 2 from the administration of 20 IU of equine chorionic gonadotropin also demonstrated the same increase in HSF-1 and Hsp70 expression and a decrease in NF-jB. Immunoprecipitation of the induced Hsp70 proteins was achieved with the addition of inhibitory jB kinase gamma (IKK-c) antibodies, and elimination of this reaction occurred after addition of hsp70 siRNA. In conclusion, high E 2 concentrations enhance HSF-1 and Hsp70 expression in EECs. The induced Hsp70 forms a complex with IKK-c and inhibits pI jB-a, which consequently suppresses NFjB activation.
INTRODUCTION
To increase the number of embryos available for transfer, multifollicular development is generally the aim of gonadotropin treatments in in vitro fertilization (IVF). However, ovarian hyperstimulations inevitably result in high serum estradiol (E 2 ) concentrations, which decrease embryo implantation rates [1, 2] . The mechanisms underlying this deleterious effect on embryo implantation have generally implicated endometrial receptivity rather than oocyte development [3] [4] [5] . Evidence of impaired endometrial receptivity have been reported and include aberrant DKK1 (a Wnt signaling molecule) expressions [5] , altered steroid receptors expressions [3] , and delayed glandular maturation with advanced stromal morphology in the endometrium [6] .
Our previous study has demonstrated that stimulation with high E 2 concentrations enhances inhibitory kappa B kinasealpha (IjB-a) expression in endometrial epithelial cells (EECs) in vitro. This, in turn, inhibits nuclear factor kappa B (NF-jB) expression and subsequently suppresses the Bcl-2 protein, resulting in increased EEC apoptosis [7] . This high E 2 -induced EEC apoptosis may account for the defective endometrial receptivity in women who experience excessively high E 2 concentrations during ovarian hyperstimulation in IVF cycles. Estradiol suppression of NF-jB activation has also been reported in human macrophages [8] and rat aorta smooth muscle cells [9] . However, the signaling pathway between high E 2 and NF-jB downregulation has not been clearly elucidated.
Heat shock proteins (Hsps), which are a family of proteins produced by cells in response to cellular stress, such as exposure to the cold or UV light, play a role in wound healing and tissue remodeling [10] . Originally described in heatshocked cells [11] , the terms ''Hsps'' and ''stress proteins'' have become synonymous [12] . They aid with stress-induced denaturation of proteins and are associated with chaperone functions, such as ensuring the correct folding of new proteins and the refolding of proteins that have sustained cellular stress damage [13] .
As supraphysiologically high E 2 concentrations may be a source of cellular stress for EECs, which are responsible for initiating interactions with the embryos during implantation [14] , it stands to reason that Hsps are investigated for their role in EECs during embryo implantation. Accordingly, we examined changes in Hsp70 expression under the effects of high E 2 concentrations in EECs in this study. The signaling pathway between high E 2 concentrations and NF-jB downregulation is also investigated in relation to Hsp70.
MATERIALS AND METHODS

EEC Purification
This study consisted of women who had submucous myomas and underwent hysteroscopic myomectomy. All were in the follicular phase and were premenopause at surgery. Surplus endometrial tissues were collected for experimental use. This study protocol was approved by the National Taiwan University Hospital Research Ethics Committee, and informed consent was obtained from all women before surgery. All methodologies were carried out in accordance with the approved guidelines. EEC purification was done according to the methods previously described [15] .
The dispersed EECs in endometrial tissues were separated by filtration through a 40-lm nylon cell strainer (Becton Dickinson) and were cultured in phenol-red-free DMEM/F-12 containing 10% charcoal-stripped fetal bovine serum. Subculture of EECs was up to passage 3, and the cell purity was 92%-95% (Fig. 1A) as assessed by flow cytometry using antibodies against cytokeratin 8 (Santa Cruz Biotechnology). EECs obtained from all women were pooled for the following experiments.
Reagents and Antibodies
Estradiol (CAS 50-28-2) and cytokeratin 8 (AF488) were acquired from Santa Cruz Biotechnology and were soluble in DMSO (1 mM). Antibodies to Hsp60 (sc-13966), Hsp70 (sc-1060), Hsp90 (sc-101494), heat shock factor 1 (HSF-1, sc-9144), inhibitory jB-a (IjB-a, sc-203), p-IjB-a (sc-8404), IjB kinase (IKK-c, sc-8330), NF-jB p65 (sc-372), and b-actin (sc-47778) were obtained from Santa Cruz Biotechnology. Antibodies to human cAMP response element binding protein (CREB) and p-CREB were obtained from R&D Systems. ICI 182,780 was purchased from Tocris Bioscience and G15 from EMD Millipore. Purified recombinant human transforming growth factor b1 (TGF-b1) and BAY117821 were obtained from R&D Systems.
Western Blot and Immunoprecipitation
For the detection of Hsp family proteins, cell lysates were extracted using Mammalian Protein Extraction Reagent (Pierce). For NF-jB p65 subunit detection, cytoplasmic and nuclear proteins of EECs were extracted using the Nuclear and Cytoplasmic Extraction Kit (Thermo Scientific) and quantified using Bio-Rad Protein Assay (Bio-Rad Laboratories). A 20-lg protein sample was separated with SDS-PAGE, transferred onto a polyvinylidene difluoride membrane, and immunoblotted with various antibodies.
The embryo implantation generally requires E 2 priming of the endometrium, followed by progesterone stimulation to induce favorable endometrial receptivity. Accordingly, human EECs were treated with E 2 with and without 10 À9 M medroxyprogesterone acetate (MPA) to examine the expression of Hsp70 by Western blot.
We also studied the effect of E 2 on the IKK complex formation and the interaction between IKK-c and Hsp70. EECs were treated with a combination of 10
À7 M E 2 with either 5 lM hsp70 siRNA or control siRNA for 48 h. Immunoprecipitation with anti-IKK-c antibody was performed for 4 h by incubating the immune complexes with protein A-Sepharose. The samples were subjected to SDS-PAGE and probed with anti-Hsp70 and anti-IKK-c antibodies overnight. The membranes were then incubated with a secondary antibody for 30 min and processed for detection of the specific proteins.
Signal development was achieved by the addition of commercial chemiluminescent detection reagents. A digital imaging system (Bio Pioneer Tech Co.) was used to detect the signals. Densities of the protein bands on Western blot were analyzed using ImageJ image processing program.
Quantitative RT-PCR
Total RNA was isolated from EECs using RNAzol B reagent (Biotecx Laboratories) in accordance with the instructions provided by the manufacturer, and cDNA was prepared from 2 lg of the total RNA using random hexamer primers as per cDNA synthesis ImProm-II protocol (Promega). The specific oligonucleotide primer pairs for hsp70 forward primer, 5
0 -ACCAAGCA GACGCAGATCTTC-3 0 , and hsp70 reverse primer, HSF-1 forward primer, 5 0 -
High E 2 concentrations induce Hsp70 expression through transcriptional regulation in human EECs. A) EEC purity, assessed by flow cytometry using antibodies against cytokeratin 8, was 92%-95% from passage 1 through passage 3. B) The expression of Hsp70 but not Hsp60 and Hsp90, determined by Western blot in EECs, is significantly higher after treatment with 10 À7 M E 2 for 2-4 days than without (*P , 0.001, n ¼ 3). C) Quantitative results reveal increased Hsp70 expression by Western blot in EECs after stimulation with 10 À7 M E 2 , both with and without 10 À9 M MPA, as compared with treatment with 10
À8 M E 2 (*P , 0.001, n ¼ 4). The hsp70 mRNA expression determined by real-time quantitative RT-PCR (*P , 0.003, n ¼ 3; D) and promoter activity (*P , 0.001, n ¼ 3; E) in EECs are much higher after treatment with 10 À7 M E 2 for 2-4 days than without E 2 treatment.
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ACCCATGCTTCCTGCGTGG C-3 0 , and HSF-1 reverse primer 5 0 -TGCTTCTGCCGAAGGCTGGC-3 0 , 5 0 -CGCCCTCGTACACCTGGAT-3 0 ; glyceraldehyde-3-phosphate dehydrogenase (GAPDH) forward primer, 5 0 -GGGAGCCAAAAGGGTCATCATCTC-3 0 , and GAPDH reverse primer, 5 0 -CCATGCCAGTGAGCTTCCCGTTC-3 0 . The amplification program consisted of one cycle of initial incubation at 618C for 20 min, followed by 50 cycles of denaturation at 958C for 10 sec, annealing at 558C-578C for 10 sec, and extension at 728C for 10 sec. The amount of hsp70 and HSF-1 mRNA was normalized to that of GAPDH mRNA and thus presented in arbitrary units.
hsp70 Promoter Construction and NF-jB Reporter Assay
The hsp70 promoter in a luciferase activity reporter system was constructed and modified as described elsewhere [16] . The PGL3-hsp70-luc and the Renilla luciferase control constructs were transiently cotransfected into cells. Cells were lysed for the luciferase assays 24 h after transfection. DTX 880 Multimode Detector from Beckman Coulter was used to measure the values, and relative hsp70 promoter-dependent activity was normalized to Renilla luciferase activity. Nuclear F-jB binding site-driven luciferase plasmids (BD Bioscience) were imported into EECs in six-well plates using the TransFast transfection reagent (Promega). Twenty-four hours after transfection, EECs were used for the following experiments. To control transfection efficiency, cells were cotransfected with pSV-b-galactosidase, and data were normalized using triplicate cultures for all transfections.
EECs were again treated with different combinations of E 2 , 10 lM ICI 182,780, 5 lM hsp70 siRNA, or control siRNA for 48 h, followed by 5 ng/ml of TGF-b1. Nuclear F-jB nuclear translocation was determined by the detection of nuclear and cytosol NF-jB p65 subunit on Western blot.
Determination of IjB-a and Its Phosphorylation
EECs were treated with a combination of 10 À7 M E 2 with and without 5 lM hsp70 siRNA for 48 h or BAY117821 alone (an inhibitor of IjB-a phosphorylation) for 30 min, followed by stimulation with 5 ng/ml TGF-b1. Total proteins were extracted 30 min later, and the expression of IjB-a and phosphorylated IjB-a (p-IjB-a) was determined by Western blot. The effects of E 2 on IjB-a phosphorylation were examined.
siRNA Transfected EECs
Optimal siRNAs were purchased from Santa Cruz Biotechnology. The siRNA for HSF-1, hsp70, and control siRNA were sc-35611, sc-29352, and sc-37007, respectively. Cultured EECs were transfected with siRNA using the siRNA Transfection Protocol (Santa Cruz Biotechnology).
Mouse Serum E 2 Concentration Determination
Mouse serum E 2 concentrations were determined using a commercially available EIA kit (KGE014; R&D Systems) in accordance with the vendor's instructions. Every measurement was performed in triplicate, and the mean value was recorded.
In Vivo Mouse Embryo Implantation
Donor female mice (8 wk old; C57BL/6 strain) were superovulated with intraperitoneal injection of 5 IU equine chorionic gonadotropin (eCG; Sigma), followed by 5 IU human chorionic gonadotropin (hCG; Serono) 48 h later. These superovulated female mice were then mated with mature C57BL/6 male mice. Successful mating was confirmed by the presence of vaginal copulation plugs. Approximately 20 h after hCG injection, the female mice were sacrificed, and the zygotes were extracted from the oviducts. These zygotes were cultured in vitro in human tubal fluid for 3 days and developed to blastocysts.
Equine CG of either 1.25 or 20 IU was injected i.p. into recipient female mice (8 wk old; ICR strain), followed by 5 IU of hCG 48 h later. They were mated with vasectomized ICR male mice 12 h later, and transfer of donated blastocysts (five in each uterine horn) was performed 3.5 days later. For determining embryo implantation rates, implantation sites were visualized by i.v. injection of 1% Chicago Sky Blue dye (Sigma-Aldrich) on Gestation Day 4.5. Embryo implantation rate was calculated as the number of implantation sites divided by the number of embryos transferred. This study protocol was approved by the Institutional Animal Care and Use Committee of the College of Medicine and College of Public Health, National Taiwan University.
Immunohistochemistry
Eight-week-old female C57BL/6 mice were injected with either 1.25 or 20 IU of eCG, and uterine dissection was done 3.5 days after hCG injection, roughly during the implantation window [17] . The paraffin-embedded slides of mice uteri were rehydrated in PBS for 15 min, and the endogenous peroxidase was inhibited by 3% H 2 O 2 /methanol for 10 min at room temperature. For blocking, 5% nonfat milk/PBS was used for 30 min at room temperature. Slides were incubated with HSF-1, Hsp70, or NF-jB p65 antibodies for 16 h at 48C. The peroxidase-conjugated secondary antibody was incubated for 1 h at room temperature and developed by immersing slides in 0.06% 3,3 0 -diaminobenzidine tetrahydrochloride (DAKO), followed by counterstaining with Gill Hematoxylin V. Immunohistochemical detection of HSF-1, Hsp70, and NFjB were quantified by sampling eight view fields under 4003 magnification for each group. The number of immunopositive EECs was counted and divided by the total number of EECs in each field.
Statistical Analysis
In this study, experiments were repeated at least three times. The data are presented as mean 6 SEM. The data were examined with two-tailed t-tests of two independent groups. Significance level was set at P , 0.05. The Statistical Program for Social Sciences (SPSS version 12; SPSS Inc.) was used for calculation.
RESULTS
High E 2 Concentrations Induced Hsp70 Expression in Human EECs Through Transcriptional Regulation
To evaluate the effects of high E 2 concentrations on the expression of Hsps, human EECs were treated with 10 À7 M E 2 for different durations. Whole-cell lysates were used for Western blot analysis and showed Hsp70 enhancement in a time-dependent fashion but no enhancement of Hsp60 or Hsp90. Results were quantified and reported as intensities relative to Day 0 (first lane). Expression of Hsp70 increased with increasing exposure time to 10 À7 M E 2 (Fig. 1B) . After EECs were treated with different concentrations of E 2 for 3 days with and without 10 À9 M MPA, Western blot demonstrated more prominent Hsp70 expression in EECs treated with 10 À7 M E 2 than those treated with E 2 concentrations between 10 À10 and 10 À8 M (Fig. 1C) . The expression of hsp70 mRNA was determined by real-time quantitative RT-PCR, which showed an increase after treatment with 10
À7 M E 2 for 1 day and a plateau after 2 days (Fig.  1D) .
To investigate the role of high E 2 concentrations on the transcriptional regulation of hsp70 gene, we examined the hsp70 promoter using a reporter system. Human hsp70B gene promoter region was cloned into the pGL3-basic luciferase reporter vector. This reporter plasmid was transfected into EECs and revealed potent luciferase activities following treatment with 10 À7 M E 2 from Day 2 through Day 4 ( Fig. 1E) .
High E 2 Concentrations Induced Hsp70 Expression Through HSF-1 in Human EECs
We used HSF-1 siRNA to investigate the role of HSF-1 in inducing Hsp70 expression by high E 2 concentrations (10 À7 M). Endometrial ECs were treated with 5 lM HSF-1 siRNA or control siRNA for 24 h, followed by stimulation with 10 À7 M E 2 for 2 days. Both mRNA and protein expression showed inhibition of E 2 -induced Hsp70 upregulation after the administration of HSF-1 siRNA treatment, as verified by quantitative RT-PCR and Western blot ( Fig. 2A) . We then examined the time course of HSF-1 expression following high E 2 treatment. Results showed that HSF-1 protein (Fig. 2B) and mRNA (Fig.  2C ) expression was upregulated after 1 day of E 2 treatment, with a further increase after treatment for 2 days. We then (Fig. 2, D and E) . A positive control for G15 was shown in which phosphorylation of CREB was activated by high E 2 concentrations and was then downregulated after the addition of 10 lM G15 (Fig. 2F ).
Hsp70 Suppressed NF-jB Activation in Human EECs
TGF-b1 significantly induced NF-jB promoter activity (P , 0.001) when given alone, but this effect was largely reduced after exposure to 10 À7 M E 2 for 3 days (P ¼ 0.001). This E 2 -induced NF-jB promoter downregulation was reversed in the presence of ICI 182,780 (P ¼ 0.002) and after hsp70 siRNA pretreatment for 1 day (P ¼ 0.002) (Fig. 3A) . TGF-b1 enhanced NF-jB nuclear expression alone, which was again reduced by treatment with 10 À7 M E 2 for 3 days. This effect was reversed after the addition of either ICI 182,780 or hsp70 siRNA (Fig. 3B) .
Inhibitory jB-a, a regulatory protein that inhibits NF-jB by blocking the DNA-binding site of NF-jB, is regulated by serine-phosphorylation, which directs its ubiquitination and degradation [18] . Treatment with 10
À7 M E 2 for 3 days reduced IjB-a phosphorylation, which would have been induced by TGF-b1 alone. This is similar to cotreatment with BAY117821. The addition of hsp70 siRNA counteracted this high E 2 -induced effect (Fig. 3C ). Hsp70 expression induced by high E 2 concentrations could be immunoprecipitated by IKK-c antibodies, and this effect disappeared after the addition of hsp70 siRNA (Fig. 3D) .
In Vivo Mouse Embryo Implantation
Intraperitoneal injections with either 1.25 or 20 IU eCG were given to 8-wk-old C57BL/6 female mice, which resulted   FIG. 3 . High E 2 concentrations inhibit NF-jB activation through decreased IjB-a phosphorylation in human EECs. A) TGF-b1 significantly induces NFjB activities in EECs, which are largely reduced after stimulation by 10 À7 M E 2 for 3 days. This high E 2 -induced NF-jB downregulation (determined by NFjB-responsive promoter-luciferase reporter assay) is reversed after the addition of ICI 182,780 and after pretreatment with hsp70 siRNA for 1 day (*P , 0.003 compared with lane 1, n ¼ 3). B) The TGF-b1-enhanced nuclear NF-jB p65 expression by Western blot is inhibited by 10 À7 M E 2 stimulation and is increased again after cotreatment with either ICI 182,780 or hsp70 siRNA (*P , 0.001, n ¼ 4). C) The TGF-b1-enhanced p-IjB-a expression by Western blot is inhibited by either 10 À7 M E 2 or BAY117821, and the high E 2 -downregulated p-IjB-a expression is enhanced again after cotreatment with hsp70 siRNA (*P , 0.001, n ¼ 4). D) Immunoprecipitates are subjected to SDS-PAGE followed by immunoblotting with Hsp70 and IKK-c antibodies, in which Hsp70 is immunoprecipitated by IKK-c antibody after stimulation by 10 À7 M E 2 (*P , 0.001, n ¼ 4).
HIGH ESTRADIOL CONCENTRATIONS INDUCE HSP70 IN EECs
in different serum E 2 concentrations 2 days later. The former dose resulted in physiological E 2 values, whereas the latter resulted in supraphysiologically high E 2 concentrations (Fig.  4A) . Implantation sites are visible by Chicago Sky Blue 6B reaction as blue spots on Gestation Day 4.5 (Fig. 4B) , and the embryo implantation rate was 15% in recipient mice that received 20 IU eCG, which was much lower than the 1.25-IU group (85%) (n ¼ 4, P ¼ 0.002; Fig. 4C ).
In Vivo HSF-1, Hsp70, and NF-jB Expression by Immunohistochemistry in Mice EECs
Immunohistochemistry study of implantation window endometrium showed prominent Hsp70 staining in the cytoplasm and marked HSF-1 expressions in the nucleus of EECs after injection with 20 IU of eCG. This was not seen in those that received 1.25 IU of eCG. In contrast, the number of EECs positive for NF-jB p65 nuclear staining after eCG 20 IUs was lower than that of the eCG 1.25-IU group (Fig. 4D) . Immunohistochemical detection of HSF-1, Hsp70, and NF-jB was quantified by counting the number of immunopositive EECs divided by the total number of EECs in each field (n ¼ 10) under 4003 magnification. It revealed that the percentages of EECs immunopositive for HSF-1 (mean ¼ 37.7% vs. 7.8%, P ¼ 0.019) and Hsp70 (mean ¼ 88.3% vs. 5.6%, P ¼ 0.004) were much higher in mice injected with eCG 20 IU, but for NFjB (mean ¼ 11.1% vs. 45.8%, P ¼ 0.007), it was much lower (Fig. 4E) .
Taken together, our results show that high E 2 concentrations enhance HSF-1 through ER binding and accordingly increase Hsp70 expression. The induced Hsp70 forms a complex with IKK-c, which reduces IKK activity and consequently inhibits IjB-a phosphorylation in EECs. This suppresses TGF-b1-mediated NF-jB activation in the nucleus (Fig. 5) . À8 M is generally regarded as physiological [19] and adequate for creating a favorable environment in the endometrial tissues for embryo implantation. Any higher concentration is considered detrimental to embryo implantation. Our results show a diminished in vivo embryo implantation potential in recipient female mice treated with supraphysiologically high E 2 . In vitro treatment of EECs with high E 2 concentrations (10 À7 M) enhanced Hsp70 expression as verified by Western blot, immunohistochemistry, mRNA expression, and promoter assays (Figs. 1 and 4) .
Hsps play crucial roles in sustaining protein homeostasis during cellular stress and are named according to molecular weights (e.g., Hsp60, Hsp70, Hsp90). Different members of the protein family may actually be structurally unrelated [20] . The Hsp60 members function as chaperonins that prevent aggregation of incorrectly folded proteins, mainly of mitochondrial origin [21] . Hsp70 and Hsp90 bind to unfolded polypeptides in the cytoplasm to induce correct folding [22] . We demonstrated that the expression of Hsp70 but not Hsp60 and Hsp90 was upregulated 1-2 days after the in vitro treatment of EECs with 10 À7 M E 2 . HSF-1 is a transcription factor that binds specific cis-acting sequences upstream of the hsp70 gene promoter [23] , which regulates Hsp70 at the mRNA level [24] . It is highly conserved evolutionarily and is versatile in directing physiological processes in eukaryotes [25] . In the nonstressed state, HSF-1 remains inactive in the cytosol as a complex [26] . Cellular stress disrupts the repressive complex and activates HSF-1, which induces expression of Hsps in order to enable cells to survive in suboptimal conditions [27] . Consistent with these findings, our results revealed that the expression of HSF-1 was increased after stimulation by 10 À7 M E 2 for 1 day and was even greater after stimulation for 2-3 days (Fig. 2B) .
Regulation of Hsps expression by physiologic E 2 concentrations has been reported previously. Beneficial effects of E 2 , such as improved cardiac and hepatic functions after traumahemorrhage, through the induction of Hsps, have been noted, which potentially help to protect tissue integrity and prevent organ dysfunction [28] . In an ovariectomized mouse model, estrogen deficiency reduced brain Hsp70 expression and resulted in decreased thermotolerance. Estrogen supplementation restored Hsp70 expression and subsequently enhanced thermotolerance and attenuated heat-stress-induced brain damage [29] . In this study, a supraphysiologically high concentration (10 À7 M) of E 2 enhanced Hsp70 and HSF-1 expression, and cotreatment with ICI 182,780 but not G15 (a GPR30 antagonist) was shown to repress HSF-1 expression (Fig. 2, D and E) . This shows that the effects of high E 2 on EECs are activated through ER binding rather than through GPR30 binding, which is an integral membrane protein with high E 2 affinity.
Previous studies have reported that the overexpression of Hsp70 suppressed NF-jB activation [30] . However, this phenomenon has never been examined in human EECs. Transforming GF-b1, which is a protein that controls immunity, proliferation, and cellular differentiation, plays an important role in embryo implantation, where its liberation and activation is necessary during the implantation period for establishing a pregnancy [31] . Transforming GF-b has been found to activate NF-jB in human glioma specimens [32] and pancreatic cancer cells [33] . Accordingly, it was used in this study as a powerful inducer of NF-jB.
In the resting state, NF-jB exists in an inactive form in the cytosol and conjugates with its inhibitory protein IjB-a [34, 35] . When an extracellular stimulus induces phosphorylation and subsequent degradation of IjB-a, the activated NF-jB complex enters the nucleus from the cytosol and triggers various inflammatory responses [36] . Our results show that the high E 2 -induced Hsp70 formed a complex with IKK-c, an essential regulatory subunit of the IjB kinase complex [37] . Inhibitory KK activity was then reduced, and IjB-a phosphorylation was inhibited in EECs and, accordingly, suppressed the TGF-b1-mediated NF-jB activation (Fig. 3) .
Estradiol suppression of NF-jB activation through the inhibition of p-IjB-a has also been reported in human macrophages [8] and rat aorta smooth muscle cells [9] . Immunohistochemical study of the mice endometrium in this study demonstrated that after stimulation by high E 2 concentrations, there is increased Hsp70 expression and decreased NF-jB nuclear translocation in EECs (Fig. 4D) . The treatment of EECs with hsp70 siRNA prior to 10 À7 M E 2 stimulation enhanced p-IjB-a (Fig. 3C ) and NF-jB (Fig. 3, A and B) expression, suggesting that Hsp70 is an upstream regulatory protein of p-IjB-a and NF-jB in the high E 2 signaling pathway of EECs.
Although NF-jB activity is constitutive and physiological in the human endometrium, there is increased NF-jB activity in proliferative endometrium compared to menstrual and secretory endometrium [38] . Nuclear F-jB activation at the time of embryo implantation has been reported in mice [39] and human [40] uteri, and the suppression of NF-jB may therefore delay the implantation window [41] . The detrimental effects of high E 2 concentrations on embryo implantation rates have been well documented in both IVF patients [1, 2] and in an in vitro embryo implantation assay [7] , and this could be due to the downregulation of NF-jB in EECs.
In conclusion, high E 2 concentrations increase HSF-1 expression in human EECs and, accordingly, increase Hsp70 expression. The induced Hsp70 forms a complex with IKK-c, which inhibits p-IjB-a and consequently suppresses NF-jB activation.
